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By Curt A. Holzhauser 

An experimental investigation was conducted at subsonic speeds to 
ascertain the effect5 of lip shape and entrance Mach nu&er on the 
characteristics of a scooptype a+induction system designed for an 
airplanewhich would fly at supersonic speeds. 

The effects of lip shape and entrance Mach number on the r* 
recovery ratio at the simulated compressor inlet and an the static 
pressures on the duct surface's were investigated for entrance.Mach 
numbers born 0 to choking for free-stream Mach nuder8 from 0.08 to 
0.33 with the model at 0' angle of attack. -MeasureIllents of raw 
recovery ratio at the simulated coeessor inlet were made for the 
intake wFth a sharp lip and for the intake with a rounded lip for an 
angle-fettack range of -l!Y" to 15O for several mas&-flow ratios and 
several free-stream Mach numbers. The drag of the forward portion of 
the fuselage with the intakes having sharp Ups wa5 compared with that 
of the same portion of the fuselage with the intakes havin@; rounded 
lips. This comparison was made for a mas&flow-ratio range of 0 to 2.2 
for .a free--stream Mach number of 0.24. 

At the higher mass-flow ratioa the rmecovery ratio of the 
intake with the rounded lig was greater than that of the intake with 
the sharp lip. At a constant mass-flow ratio when the air flow was 
separated from the duct, the r-recovery ratio decreased with 
increasin@; entrance Mach ntier, and the internal flow choked at a 
lower entrance Mach number than was predicted from'one4imens-Lonal 
isentropic-flow relationships. The variation of rwecovery ratio 
with angle of attack was less for the intake with the.rounded lip than 
for the intake with the sharp lip. 

&Lmm.L. 
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For a mase-flow ratio of 0.8 and above, the drag coefficients of 
the forward portion of the fuselage with the intakes having either the 
rounded lips or the sharp lip5 were less than the drag coefficient of 
the forward portion of the faired fuselage. 

IIIIYTRODUCTIOR 

A -twin-Bcoop a$r-induction system whFch was moderately s&tie- 
factory at supersonic speeds was developed in the Ames 8-by $-inch 
supersonic wind tunnel, The intakes of this fnstallation had sharp 
leading edges, and they were~downstream from the apex of the ogival 
nose a diBtaIXe.of five forebody diamstera. The tests at supersonIc 
speeds (reference 1) indicated minimum total-pressure losses that were 
approximately equal to those through a normal shock wave at the test 
Mach numbers of 1.36 to 2.01. An investigation of a sFmilar instal- 
1atFOn st low subsonic speeds (reference 2) ShoWed that the rax+ 
recovery ratio, measured at the mInimun+ar ea station, was above 0.95 
for mass-flow ratios below 1.2. However, above a mass-flow ratio of 
1.2, the r-ecovery ratio decreased rapidly. Since an airplane 
utilizing the air-induction system under consfderation would be oper- 
ata at a masE+flow ratio above 2.0 during take--off and climb, this 
installation would probably be unsatisfactory because of the low ram- 
recovery ratios at these high mass-flow ratios. 

. 

The present investigation was_therefore undertaken to compare the 
rawecovery ratio and a drag of a sqpersohice&pe intake (sharp lip) 
with that of a sUbsonic-type intake (rounded lip) at low subsonic 
speeds. The effect of entrance Mach nuniber opl the r mwreccmery rat50 
of the Fnetallation with sharp lip5 and with rounded lips was studied 
for subsonic entrance Mach numbers with the model. at several angles of 
attack. 

a speed of 5ound, feet per second 

A crom-sectbnal area of duct, square feet 
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point wake drag coefficient 

section wake drag coeff;tcient 

'wake drag coefficient based on frontal area of fuselage 
at amt station 1 



d duct depth, feet 

F frontal area of fuselage wfth intakes havfng sharp lips; 
measured at duct etatlan 1 

g gravitational constant, 32.2 feet per second per second 
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total pressure , pounds per square foot 

mass-flow ratio 

Ml entrance Mach nlmiber, baaed on the duct area 1 Inch behind 

the leading 8dg8 of the lip(arlA1g) 
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static pressure, pounds per aquare foot 

static-essure coefficient 

, ponds per square foot 

velocity of the air stream, feet per second 

weight rat8 of air flow (pAVg), pounds per second 

perpendicular distance from surface, f88t 

angle of attack lneaBu??8d in the vertical plane of -try 
(plane containfng center lines of both ducts),degreee 

boundary--r thickness to where the veloci~ in the 
boundary layer is 0.99 of the local velocity outside 
Of the boundary la-r, f88t 

diffuser efficiency - (l-=tgs) 

mass density of the air, slugs per ctifc foot 
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S&scripts 

0 free stream 

1 L 1 Inch downstream of duct station 1 

2 duct station 2 (minm ea station) 

3 duct station 3 (compressor--inlet station) 

m weighted according to maas flow 

a weighted according to area 

IEXCRIPTION OF MODEL AND APPARATUS 

The PrOPOrtiOns Of the model ~@re selected to represent an ati- 
Plane designed for a flight Mach number of 1.7 at an altftude of 
28,000 feet Using two axfal-flow turbojet engines each developing 
6000 pounda of static thrust at 888 level. The design considerations 
for the fuselage and air-Induction system are discussed in reference 2. 

. 

Figure 1 is a photograph of the model in one of the Ames 7-by 10- 
foot wind tunn81s. The intakes were on the top and bottom of the model. 
A schematic drawing showing the general arrangement of the model is 
given in figure 2. Figure 3 presents the cross-sectional shapes and 
the duct areas at duct stations 1, 2, and 3 for the upper half of the 
fuselage with the intake having a sharp lip. The intakes with the 
rounded lips had the same cross sections at duct stations 2 and 3. How- 
ever, at duct statian 1 the cross sections differed In the lip 
thicknesses and rang widths. (See fig. 4.) The minimum cross- 
sectional area of the duct was at duct station 2; the ratio of the duct 
area at this station to that at the station 1 inch d-stream of duct 
station lwas 0.938. 

Figure 4 shows the contours and gives the coordinates of the three 
lip shapes that were tested. The Intake with the sharp leading edge 
had the sams coordinates-as the intake tested previously (reference 2). 
Eowever, the lip of the latter intake had a slightly larger-leading- 
edge radius than that of the lip in the p-sent test, and it did not 
flex as much at the higher mass-flow ratios. The shapes of the thick 

.' 

and the thin rounded lips were based on a profile found to be satia- 
factory for submerged intake operation in the re.search reported in 
reference 3, Ffwes 5(a) ad 5(b) are photographs of one of the . 
intakes with a sharp leading edge and of m of the intakes with a 
thick, rounded leading edge, respectively. 
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The model was mounted on an 8-inch-diameter pFp8 (fig. 1). The 
air flow through the model was controlled by a WZiableap80d Centrm 
gal blower. The quantity of ati flow was measured by a standard ASME 
orifice m&er. .' - 

Measurements of the total pressure and static pressure at the 
minimum-area station (duct station 2) were made for the intake having 
asharpleadingedge. Theae measurements were made with a total- 
pressure tube snd a static~ressure tube, which were moved in the 
vertical plane of sysm&ry. g8V8Ilty43ti tOta&IreSSIIr8 tub88 and 
eight static~~3uh8S we= used to measure the total+ressure 
losses and the static-presstie distributFonat the Simulated compressor 
inlet (duct station 3). The latter array of tIib8S was attached to the 
sInniLated accessory housing of a turbojet engine. 

Flush orifices in the duct floor and duct roof of the in&al- 
lations tith the sharp lip and the thick, rounded lip were uS8d to 
indicate the static pressures on the duct surfaces in the vertical 
plane of Symmetry. Static pressures were also measured on the outer 
surface of the thick, rounded lip in a similar mBMBT. Th8 location 
of all the flush oriffces are listed in table I. L 

The wake drag coefficient of the forwar d portion of the faired 
fuselage (the fuselage with the intakes sealed and faired as shown in 
fig. B), the wake drag coeffici8nt of the forward portion of the fuse- 
lage with intak8s having sharp leading edges, and. the wake drag 
coefficient of the same portion of the fuselage with the Intakes having 
thfck, rounded leading edges were computed from presSurea measured wdth 
an array of rakes projecting fromtbe external surface of the fuselage 
at fuselage Station 82. Thfs array of rakes, which encompassed more 
than one-fourth of the perimeter of the fuselage, is shbwn in 
figure 7(a). This array vas comprised of 17 rakes of 10 total-pressure 
tubes and 8 rakes of 3 stativessure tubes. Each rake was perpen- 
dicular to the fuselage surface, and the rakes were equally spaced along 
the perimeter of the fuiielage. Plates lfke the on8 shown in figure 7(b) 
w8r8 in&&led on both sides of the fuselage to simulate an fmag8 plans. 
This image plane was used to ascertain whether the drag measured by the 
installation was affected by the change in 8~ter11al air flow r8Sultfng 
from blocking the bottom duct at th8 compressor staticn. All the total- 
pressure tubes, static+ressure tubes, and Surface orifices were 
connected to water-in-glass or mercury4n-glass multiple;tube msnomsters. 
The distributions of pressure indicated on thsse manomters xere recorded 
photographfcalQ. 
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It was reported previouaiy (reference 2) that measurements of ram- 
recovery ratio and surface static pressures of the top intake and duct 
of the scoop--type air4nduction system tested were unaffected by the 
air-flow chauges resulting from the lower duct-being blocked at the 
comeffessor station. Therefore, all measurements of r-recovery rat%0 
and surface static pressures were made using the top duct with the 
bottom duct blocked at the compressor station. 

The rarerecovery ratio at the compressor inlet and the distribution 
of the pressure ratio, p/Ro, with the various intakes were obtained 
while the internal flow was VB.ri8d from 0 to choking. The angle of 
attack was varied f!rom -15O to u". The free-stream Mach nuaiber rang+ 
from 0.08 to 0.33. which corresponded to Reynolds nun&era of 580,000 to 
2,230,OOO per foot of length. The ram-recovery ratio was also measured 
at the minimu~~~ 88 station in the vertical plane of symmetry of the 
inkike with the sharp lip for free-&ream Mach numbers of 0.17 and 0.27 
for several raas+flow ratioe. The txibes used to make the68 E!asurelIEntS 
were removed from the duct whenever they were not being used. 

External total-pressure and static-pressure lmsasurements were made 
at fuselage station 82 with the faired fuselage for a free-Stream Mach 
number of 0.24 aud an angle of attack of 09. These measurements also 
were made for the fuselage with the intakes having Sharp lips and for 
the fuselage tith the i&a&es having thick, rounded lips for mass-flow 
ratios from 0 to 2.2 with the bottom duct blocked at the compressor 
inlet and without the splftter plate installed on the fuselage. The 
data taken with and without the splitter plate Shown in figure 7(b) 
indicated that the pressure masuremsnts on the upper portion of the 
fUSelag were unaffected by the external. air-flow Change8 result- 
from the bottom duct being blocked at the compressor station. 

Ran&Recovery Ratio 

Presented in figure 8 is the variation of ram-recovery ratio, at 
the compressor inlet, with mass-flow ratio for the intakes with the 
sharp lip, the thin, rounded lip and the thick, rounded lip of the test 
reported herein for a free-stream Mach number of 0.17 with the model at 
0' angle of attack. The variation of the ram-recwery ratio with mass- 
flaw ratio Of the intake with the Sharp lip tested i.U reference 2 iS 
also presented. The dotted curve in this figure represents the ram- 
recovery ratio computed for the scoops tested with a negligible entrance 

l 
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. loss and a diffuser efficiency of 0.921 The 8quatim for this curve i8 
derived in the appendti. The rwecovery ratio wfth the thick, 
rounded lip was greater than with the thin, rounded lip at the higher 
maBE-flOW ratios; ther8fOr8, Only ti0 lip Shape8 are COID@r8d in the 
remainder of the sectian containing restitS, the sharp lip and the 
thick, rounded Up. The latter lip will henceforth be referred to as 
the rounded or subsonic--type lip. 

All. values of entrance Mach nur&er and mas+flow ratio presented 
in this report are average values CokLputed from the weight rate of air 
flow, and based on the area of the duct 1 inch behind the leading edge 
Of the intake. 

The effect of entrance Mach ntrsber on the ram-recovery ratio of 
the. intake with the sharp lip and the intake with the rounded lip is 
showninf~9. The effect of entrance Mach nu&8r on the variation 
of ram+ecovery ratio with angle of attack is shown in figure 10 for 
the intakes tith both lip shap8S for Several mass-flow ratios. 

The r~ecovery ratios plotted in figure6 8, 9, and 10 were 
computed by weighting the total pressure indicated by each t&e 
accord- to the area apportioned to it. Another nrethod for averaging 
ra.vFrecovery ratio is to weight the totalqressure reading of 8aCh tube 
according to the mass of air flowing through the area apportioned to 
that tube (reference 3). The effect of maetiflow ratio on the differ- 
ence between the rWecovery ratios computed by these two methods is 
shown in figure U.(a) for the intake with the sharp leading edge used 
in the test reported in reference 2. The effect of entrance MBch 
number on this difference 3x1 rmecovery ratio is shown in figure ll(b) 
for the Sharp lip and the round8d lip of the present investigation at 
a mass-flow ratio of approximately 1.6. 

The distribution of r ~covery ratio ti the plans of Symmetry 
of the mina ea station for the intake wfth th8 Sharp lip is given 
in figure 12 for several masE+flow ratio6 for free-StreamMach numbers 
of 0.17 aad 0.2'1. The distribution of rmecovery ratio at the collt- 
pressor inlet is Shownin figure 13 for the intakes with both lip 
shapes for a free-Stream Mach-mrmher of 0.17 and O-33 and for mast%flow 
ratios approachinginternal choking. 

Static-BreSsure Diatributian 

The surfaces along which the static pr8ssur8s war8 measured are 
fndicated by heavy lines on cross-sectional diagrams of the model dn 
figW88 14 ti 15. !I!& distributions of the pressure ratio, p/Ho, 
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on these surfaces are presented-in figures 14 and 15, respectively,' 
for various mass-flow ratios and several free-stream Mach numbers. 
The distribution of static-pressure coefficient, P, on the outer 
surface of the rounded lip is shm in figure 16 for several mass-flow 
ratio-s and a free-stream Mach n&ber of- 0.17. 

m 

The computed relation between the static--pressure coefficient, P, 
and the pres.sure ratio, p/Ho, is given in figure 17 for several free- 
stream Mach numbers. 

Drag 

The wake drag coefficients of-the portion of the Paired fuselage 
forward of statian. and of the same portions of the fuselages with 
the subsonic- and the supersonic-type intakes are shown in figure 18. 
A point wake drag coefficient, cd', was computed by the m&hod dis- 
cussed in reference 4 from the local momentum defect- in the flow at 
each total-pressure tubs at station 82. !This point-drag &efficient 
was then integrated across the wake for each rake with the resulting 

. 

. 

value a section wake drag coefficient, cd = 2~ / 
6 

x 0 cd' dy, for each rake. 

In this 8quatiorI x is a reference width of 1 foot. An arithmetic 
summation of the sectian wake drag coefficients for the entire fuselage 
at station 82'~s~ made and referenced to the frontal area, F, at duct 
station 1 of the fuselage with the intakes having sharp lips 
(F = 1.05 sq ft). The resulting value represents the wake drag coef- 
ficient for the f orward portion of the fuselage. The distributions of 
section wake drag coefficient a!re shown in figure 19 for the faked 
fuselage, for the fuselage with the intakes having sharp lips, and for 
the fuselage with the intakes having rounded lips. .The data are 
presented for mass-flow ratios of 0.4, 0.6, and 1.0 for a free-stream 
Mach number of 0.24, with the model at 0' angle of attack. 

.- 

- 

DISCUSSION 

Ram48covery Ratio 

It is believed that the large differences between the r-recovery 
ratio of the intakes with the various lips and that of the theoretical 
curve shown in figure 8 are the result of separation of the air flow 
from the inn8r surface of the intake. Since the effect of a change in 
mass-flow ratio on the flow around the lip of an intake is comparable 
to the effect of a change in angle of attack on the air flow over an 
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airfoil(see accompanying sketch), 
it is seen that separation of the 
air flow can occur from the inner 
surfaces of the intakes tested as' 
the mass-flow ratio is increased. 
The difference between the ram- 
recovery ratios of the intakes 
with the sharp lips was probably 2 
caused by the change in flow Id IQ0 
resulting from the different 
leadIng+dge radii and from the ////I//// 
flexure of the sharper lip. The 
remainder of the discussion will pertain to the intakes with the 
sharper lip and the thick, rouqded lip. 

When the entrance Wch nunher was below 0.5, the total-pressure 
losses in the victiity of the duct floor were approxfmately the same 
as those in the vicin-lty of the duct roof at the mfn mea station 
of the duct with the shar@ lip (fig. 12). However, when the entrance 
Mach number approached the value for choking to occur In the duct, the 
losses near the duct floor were greater than those near the duct Up. 
These higher losses ti the vicFnity of the duct floor apparently did 
not exFst with the intake having a rounded lip since the ram-recovery 
ratio at the compressor Met of this intake approximated the ideal 
ram-recovery ratio shown in figure 8. 

Since the ranwreccmery ratio of the intake with the sharp lead- 
edge deviated from the ideal values at mass-flow ratios above 1.0 
(fig. 8), the air flow probably separated from the surface of the duct. 
For these mass-flow ratios the r-ecovery ratio decreased with in- 
creasing entrance Mach nuniber (fig. g(a)). For mass9low ratios below 
1.0 the effect of entrance-Mach number on the r-recovery ratio was 
small. At a mass-flow ratio of 1.6 the internal flow choked at an 
entrance Mach number of 0.62. As the mass--flow ratio was increased to 
2.1 by decreasing the free-stream Mach number, the effective niinimum 
cross-sectional area of the duct was probably further reduced hy in- 
creased a-flow separation, and the flow choked at an entrance Mach 
nuniber of 0.58. Since the rMecovery rat50 of the intake with the 
rounded Up approximated the ideal values, the air flow probably did 
not separate from this duct; and the effect of entrance Mach number on 
the rar+recovery ratio was small within the Mach&er range for which 
the data are presented (ffg. p(b)). The entrance Mach number for 
choking in this fntake was appro&ately 0.73 for all the mass-flow 
ratios shown in figure g(b). For the area ratio of the installation 
tested, the entrance Mach nu&er for internal choking would be 0.74 if 
the entering boundary layer were negligible and if the flow were one- 
dimensional isentropic (reference 5). 
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The high total-pressure losses at,hQh maseflow ratios may be 
avoided by the use of auxiliary air Mets which operate only when 
large air-flow quantities are required at low forward speeds. l 

In figure 10, it is seen that the variation of -recovery ratio 
with angle of attack was smaller for the rounded lip than for the sharp 
lip. In reference 2 it was shown that for the top intake of the scoop 
type installation with the sharp lip the varfation of rsecovery 
ratio with angle of attack was small as compared to the variation of 
ran+recovery ratio with angle of sideslip. The small variation of ran+ 
recovery ratio with angle of attack was the result of vortices which 
formed from the forebody I+ reduced the boundary-layer thickness when 
the model was at an angle of attack. 

. - - 

StaticGPressure Distribution 

It Fs evident from the staticqressure,distribution OR the outer 
surface of the rounded lip (fig. 16) that the effect of a change -in 
mass-flow ratio on the afr flow around the lip of an intake is similar l 

to the effect of a change in angle of attack on the air flow over an 
airfoil. At a mass-flow ratio of 1.6 (where separation did not exist 
on the outer surface of the lip), 

';--' 
the static pressures were constant 

and approximately equal to the free-stream static pressure. As the 
r.~selow ratio was decreased to 1.0, a mi&mum pressure peak developed 
near the leading edge. With a further decrease in mass-flow ratio to- 
0.4, separation occurred on the outer surface as was indicated by the 
increase in the *imum static pressure near the leading edge and a 
decrease in the pressure coefficient farther downstream. The low static 
pressures that occurred at a maseflow ratio of 1.0 could adversely 
affect the drag of the installation at high subsonFc speeds. However, 
the lip shape can be altered slightly to eliminrste these low static 
pressures near the leading edge and still retain the original pressure- 
recovery characterfstics (reference 6). 

At entrance Mach numbers corresponding to choked flow in the.duct, 
a complex supersonic flow existed in the .duct between 2 end 8 inches 
from the leading e&e of the intake with the sharp lip (fig. 14). The‘ 
maximum local Mach number corresponding to the minimum pressure ratio 
of 0.29 In this region can be computed as 1.4 if the total-essure 
losses back to this area are neglected (reference 5). For the intake 
with the rounded leading edge, existence of supersonic flow Fn the duct 
was indicated by pressure ratios.less than 0.53 at the high entrance 

. Mach numbers in the rrfcinity of 8 Fnches from the leading edge (fig. 15). 
The msximum local Mach number corresponding to. the minimum pressure 
ratio was 1.2. At equivalent entrance Mach nunibers, assuming negligible 
total-pressure losses, the regions of srtpersonic flow extended over a 

c 
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smaller portion of the duct for the intake having a rounded lip than 
for the intake having a sharp lip, 

Drag 

The wake drag coefficFent .of the forward port+ of the fuselage 
with the intakes having sharp leading edges increaaed'rapfdly with 
decreasing mass-flow ratFo below a mass-flow ratio of 0.8. Above a 
mass-flow ratio of 1.0 the wake drag coefficient changed only slightly 
(ffg. l8). Tuft studies indicated that below a mass-flow ratio of 0.8 
the air flow separated from the outer surface of the sharp lip at the 
leading edge. This type of a-flow separation is common with thin 
airfoils at moderate angles of attack and is accompanied by large 
increment6 of drag. Above a masttflow ratio of about 1.0 the reduction 
in wake drag coefficient probably was caused by the th5nn3ng of the 
fuselage boundary layer behind the i&eke as the mass-flow ratio was 
increased. For q~m8ss-flow ratio of 0.7, the wake drag coefficient of 
the forward portion of the fuselage with the -takes havfng sharp 
leadIng edges was 8pproximatelg equal to the wake drag coefficient of 
the corresponding portion of- the faired fuselage. 

Tuft studies and an analysis of the pressure distribution on the 
roundedlip indicatedthatthe air flow separated fromthe outer 
surface of the lip for mas8--flow ratios below 0.7- 'At each mass-flow 
ratio of this test the wake drag coefftcient of the forward portion of 
the fuselage with the intakes having rounded lips was greater than the 
wake drag coefficient of the f orward portion of the fuselage with the 
Intakes having sharp lips. Above a mass-flow ratio of 0.8 the wake 
drag coefficients of the forward portico of the fuselage with the 
intakes having efther the rounded lips or the sharp lips were less than 
that of the corresponding portion of the faired fuselage. 

CON'XUSIONS 

The followzIng c~clusfons were drawn from the results of the experi- 
mental inveqtigation reported hereti: 

1. For subsonic Mach nuuihers and high mass-floyratioa, the 
rmrecovery Patio of-the intake with the roundedlip was greater than 
that of the intake with the sharp Hp. 

2. When the air flow was not separated from the liner surfaces . 
of the intake neaz ite.leading edge, the entrance Mach nmiber for 
choking in the duct was approximftted by one4iz~nsional isentropFc flow 
relationships. At-a constant mass4low ratlo with no air-flow 
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. 

separation from the mr surface of the intake 8nd IQ to 8 chokizg 
Mach number, the r-eccrvery ratio was changed very little by 
changes fn the subsonic entr8nce Mach number of this investig8tion. 

l 

3. When the air flow w8s separated from the inner surface of the 
intake near its leading edge, .-the flow choked at 8 lower entrance Mach 
number than was predicted from isentropic-flow relationshfps. At a 
constant maBs4low ratio for the condftion of separated flow, the ram- 
recovery ratio decreased with Increasing entrance Mach number. 

4. The v8riation of ram-recovery ratio with ctngle of attack u&s 
less for the 83r-induction system with the rounded lip than with the 
sharp lip. 

. 

5. At nnsss-flow ratios of 0.8 and above, the w8ke drsg coefficients 
of the forward portion of the fuselage with the intakes having either 
the rounded Ups or the sharp lips were less than th8t of the corre- 
sponding portion of the faired fuselage. 

. 
AmesAeron8uticalLaboratory, 

Nation81 Advisory CommIttee for Aeroaautfcs, 
Moffett Field, Calif. 

. 
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* mEAL RAIGRECOVEBP litAT AT TEE COMFBESSCR IXCZT 

The rwecovery ratio at the compressor inlet of 89 air-induction 
system is equal to the r-ecovery ratio at the minirmnn-area statton 
minus the losses in the diffuser, thus, 

He-p, H2*0 =2-H, 
-z-w- 

G-0 G-P, Ho-0 

For incompressible flow q. = Ho -po, then, 

G-0 -LkEQ-(F) (zz) - 
Ho-0 Ho-0 

(2) 

If the 108&e& 8t the entrance of the duct and the losses between 
duct stations land 2 are negligible, as was noted for mass--flow ratios 
between 0.2 and 1.2 for the sharp lip of reference 2, equqtion (2) be- 
COllb3B 

=a=l-(l+q2 
Ho-0 s, 

=2-H, where q 1s the aiffuser efficiency l- - 
92 

(3) 

For incompressible, adiabatic flow 

VL A2 
-=- 

V2 AI 

. 
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Consequently, equation (3) becomes 

J&-PO 
- = 1,- (l+y(~)2 

-0 

s 

._ .- i. 

In reference 2, it was noted that the variation of diffuser 
efficiency with mass--flow ratlo was waaU., and that the 8verage dif- 
fuser efficiency was apprtiimately 0.92. 
for negligible entrance losses 

For this diffuser efficiency, 
, and with no separation in the duct, the 

variation of rapl-pecmery ratio with mass-flow ratlo for the In&al- 
lation tested would be represented by the followkg equation: 

. 

%-PO 2 
- = 1 - 0.091 ( > z 
Ho-0 mo 

The parabolic curve representing this equation is plotted In 
figure 8 8s a dotted Mm. 

(5) 
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TABIE I. -LOLOCATIONOF PHEISSm CWIFICXS 

[Distance Downstream of Duct Station 1 In inches] 

Duct Floor Duct Roof 

-4.00 O8 0.068 
42.00 .06a .13a 

0 -138 .25& 
1.00 .25a *5@ 
2.00 .508 l.ooa 

?*Z 
l.OOa 

6:oo 
2.008 

8.00 ids 
10.00 6:oo 
12.00 8.00 
14.00 10.00 
16.00 12.00 
18.00 14.00 
20.00 16.00 
22.00 18.00 
24.00 20.00 
26.00 22.00 
28.00 2hm 
30.13 26.00 

28.00 
30.13 

Outer Surface 
of Lip 

*Orifices only on intake with rounded leading- 
edge. 

-ET 



Figure l.- The model with the Makes. 



, . 



&cf Sfdh 1 
dvcl area-//.34 sq h 

+---R---4 
k.9 stafiw, 2 

oucf area =/a64 sq h. 

19 

Figure 3.-Cross secfions and ducf afeus of ducf sfafions /, 2, and 3 
for fhe fhfuke wifh fhe sharp f@. 
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/- 
Lkner surfme of t%kk rounded lip 
-0utsr surface of thin rounded IiD 

Coof&afes for foD of infake 

ZEI 

17 
;; c._ 

-713 
0 I.107 

. . - 
ex .2 

-T&- 
-2. 

.25f 

.I73 
073 
0 

With of mmp 4072 imhos 

Coordiiwtes of rirner and outer ;surfuces of the sides of the 
intake mre the same as fw fhe top of the intake excepi inner surface 

rvos p&W to X aLi of on@ inch fmm duct station 1. 

Figure 4.- Coordinafes of the @s. 

Whi?h of mmp 4382 &es 



. 

t 

(a) Sharp lip (eupersonic type). 

(b) Thick, rounded lip (subsonic type). 

Figure y.- Two of the intakes investfgated. 
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;- .;:-;i :. 
I:- 
- _ 

/ 

/- 
/- 

_-----. -. - , ..- 

Figure 6.- The intake faired and sealed to form the faired fuselage. 

. 

, 
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(a) The array of rakes used to measure.drag. 

(b) Plate dividi ng upper half of fuselage from lower half. 

Figure 7.- Apparatue used to determine wake drag. 
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I.04 

.8 

.6 

-06 

0.8 

NACA R?4 AWl9a 

sbufp I/;0 1 
Present tests) 

.8 I.2 16 2.0 

#ums-f/ow rutio, $ 

2.4 2.8 

Figure 8.-The vuriufion of rum-recover o ruti0 with muss-flow 
rufio. MO 4./7, a== d . 
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4 
B 

-15 

2 -20 

8 -25 
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6 
40 

0 .t a? 3 .4 5 .6 .7 
Entrance M?ch manbet-, M, 

161 saw c 

I . I ti 

-5 I I I I \I n-l 
AC-. 24 I 

-1.0 I I 
Gwbw &ibQ-w-+- 

-/.5 \ 

-4,5 I I 

-5.0 ‘7 
0 I .2 3 .4 ’ 5 .6 .7 .6 

Figure 9.-L& vovriofibn of rovn-recovery ratio wifb emVance A&b number for a=@. 
G 

, 



---- 

Figm t&The vartbtton of ram-recovery rotio wil/r ongte of attack. 

. 
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Sharp lip (Reference 2) 

(0) Effecf of moss-f/ow rot/a &0./7. 

Sharp l-/p Sharp l-/p 

(presenr fesfs) (presenr fes is) 

.3 
#a-sfreom Mach number, M, 

.5 .6 

lb) Effect of Mach number. 2 =I. 6. 

Rgure //.-The effect of mass-ffow ratio, Much number, and I/p 
ShCrp8 On fhe diff8r8nC8 befwetrn i/l8 f ffm-f8COV8fy rUfi0 wdghf- 
ed uccording fo muss- f/ow and uccofding fo UreO. a= o”. 
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Rgfffe 12. - DisfnButim of the mm -recovery ratio fh the p/one of symmetry 
of the mhiim - area stafibn for the ink&e m’fh the shwp I@. P =OP 
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+.6 

MI =0.49 &0./7 

s2.9 

MI =CM6 

FfgUf8 f.Z-Uisfribufion Of rum-recovery f~fi0 Of fh8 compfessor 
inief, us viewed /ookhg ppsfreum. cc= OS 
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M, = 0.60 

%=I.6 

M, SO.66 

=@7 -==qgT 
M, co.73 

. . . -: 

Figur 8 /3.- Concluded. 
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d” I I 1 I 
a_4 0 4 8 12 f6 .?O 84 88 32 

hM7nce frm a&f sfaffon 4 !‘nchn 

h&o27 

LO 

.8 

fi 

.4 

2 

0 

I.0 

.8 

0 -4 0 4 8 Ii? 16 PO M .?8 2% 
0&3tmce f&n drrcf sfafkm I, h&es 

&,a33 w 

Figwe /4.-Dikfribufion of pressure rafk in fhe verficd pkrne of qvmmetiy for fhe 
Inlet ho&g a shqp fip. a = OS 
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.6 

.7 

.2 

n 
“0 4 8 f2 i6 20 PI 2S 32 

I4(d’.os &=0./I 

8 I2 16 20 W 28 32 

, 

.s 

b 

.4 

2 

I I 
*o 4 

I t I I I 
8 I2 I6 20 PI 28 .%? 
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Lo 

*s 
a 

$ .6 

f 
.4 

B2 
I ’ ’ 

% 0 4 
I I I I I 

8 I2 16 20 W 28 32 

A95d.08 

2 

0 
-4 0 4 8 12 16 20 W 28 32 

.6 

.4 

2- ’ ’ I I t I ‘33 .7z 

O-4 0 4 
I 

8 12 f62Oka42832 

h&=0./7 

A3fance from &et etafh /, hcih 
lyO.27 

F&e is--Di%friBufh of pressure rufio in verflwl p&me of symmefry fo/ fhe /nbf 
having 0 romow L-$7* a= 0”. 
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A$d!a9 #+a/7 

. 
.g R b 
f .4 

8 .2 

I 
‘0 

I I I I’ I 
4 8 f2 16 i0 W 2S 32 

Dshnce fr6m dud sfufion 1, h&es 

hQo.27 

I6 20 W 28 , 

F&we . /5.- Confhed. 
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-- dufer 

0 5 - io I5 w 
chJll&etdolrbnI,bxhes 
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/ 
(cl her mf outer surfuces of l/p. 
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.t .4 .6 .8 I.0 1.2 

Disttmce from duct sfuiion 1, inchso 

Figure /6.-Distribufion of pressure coefficient on oufer surface of 
the founded /ip. MO = 0. /I, ~1: = OS 



f 
.5 .6 .7 .8 .9 la * 

Pressure ratio, * 
- 

Figure f Z- Conversion of stutic -pressure coefficient to pf essufe rut/o. 
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Foired fuseloge 

.4 .8 I.2 I.6 20 k 
Mass-flow rofio, jg 

QWe B.-The vuriut/on with muss-fbw rutio of the woke drug 
coeff’icenf of the forwufd port/on of the fuseluge. MO = 0.24, 
a--o: 
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@4m 19 - DW&ution of section wake drag coefibnis at fuse&8 stat&n 82 for Mee ctmtigudons. 
(I 4: & =c124. 


